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ABSTRACT 
Dry fermented sausages were manufactured adding fish oil extracts rich in n-3 fatty 
acids in order to obtain functional products and their nutritional advantages and 
intensity of oxidation process compared with traditional ones. Modified products were 
manufactured with 0.53% (batch A) and 1.07% (batch B) of fish oil extract. The 
amounts of eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) per 100g of 
dry fermented sausages were 0.15g and 0.13g in batch A, 0.33g and 0.26g in batch B, 
respectively, in contrast with the control products which only showed 0.01g EPA and 
0.03g DHA. No significant differences were found in the rest of fatty acids. A decrease 
in the n-6/n-3 ratios from 16.14 in the control to 7.78 in batch A and 5.32 in batch B 
was achieved. TBA values were similar in control (0.31ppm) and in batch A products 
(0.34ppm) but increase significantly in batch B products (1.22ppm). No statistical 
differences were observed among batches for the content of cholesterol oxidation 
products (2.36 to 2.43 μg/g fat) leading to similar percentages of oxidation. 7-
Ketocholesterol, considered as an indicator of oxidation was not present in any sample. 
Values obtained for L* and Hue (arctg b*/a*) were comparable to that of meat products. 
Although no effect was observed in COP formation and instrumental measurements of 
colour the high level of n-3 fatty acid seems to accelerate significantly the oxidation 
process. 
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INTRODUCTION 
Coronary heart disease (CHD) is a leading cause of mortality and chronic morbidity 
throughout the developed and developing world. It is widely accepted that consumption 
of different types of fatty acids has a role in the aetiology of this disease. Furthermore, 
available data strongly support the strategy of replacing animal and hydrogenated fat 
with natural liquid vegetable oils, which contain monounsaturated and polyunsaturated 
fats, in reducing risk of CHD1.  
Traditional meat products are a source of cholesterol and saturated fatty acids (SFA), 
subjects of concern from the nutritional point of view, particularly with regard to CHD. 
Many works have been done in order to obtain healthier meat and meat products, some 
of them focused on decreasing their fat content, and in order to develop new meat 
products that could be also considered as functional foods2. Last researches pointed out 
that replacing saturated fat with unsaturated fat is probably more effective in lowering 
risk of CHD that simply reducing total fat consumption3. Vegetable oils with a high 
content of monounsaturated fatty acids (MUFA) have been used as partial substitutes of 
pork backfat in low-fat frankfurters and other type of cooked products and in a lesser 
extent in dry fermented sausages4-12). In general, significant differences have been 
found in the fatty acid profiles and cholesterol content leading to nutritional advantages. 
Vegetable oils with high content in polyunsaturated fatty acids (PUFA) have also been 
used to substitute the fat content in cooked sausages13-15, detecting in some cases 
problems related to oxidation processes. One of these problems is the colour 
deterioration by the oxidation of myoglobin to metmyoglobin which results in a brown, 
unacceptable discolouration of the meat. Colour deterioration and lipid oxidation may 
be linked, although the precise mechanisms are still unclear16. Furthermore, the 
oxidation of PUFA would induce cholesterol oxidation17-18. It is known that cholesterol 
oxidation products (COP) are clearly involved in the development of cardiovascular 
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diseases19, and are also associated with the development of some biological effects like 
cytotoxicity, mutagenesis and carcinogenesis20- 22. Furthermore, some experiments in 
human show their ability to be absorbed from the diet23-24.  
In today’s Western diets, high intakes of n-6 fatty acids lead to undesirable ratios (n-
6/n-3) of about 15/1-16.7/1, if not balanced with an appropriate n-3 intake25. It is known 
that diets with high content of n-3 fatty acids, which are know to be functional products, 
may reduce plasma levels of tryglicerides, may decrease the platelet aggregation, may 
have an antiarritmic effect and a beneficial effect in the endothelial disfunction26-28. The 
risk of hypertension, type 2 diabetes and in some cases renal disease, rheumatoid 
arthritis, ulcerative colitis, Crohn disease and chronic obstructive pulmonary disease can 
also be reduced with this type of diets29-31. The optimal dose or ratio of n-6/n-3 varies 
from 1/1 to 4/1 depending on the disease under consideration25. Consequently, taking 
into account the benefits of a low ratio n-6/n-3 in reducing risk of many diseases, it 
seems to be interesting to try to increase the dietary n-3 fatty acids intake. It has been 
suggested that foods that are strategically or naturally enriched in n-3 fatty acids can be 
used to achieve desired biochemical effects without the ingestion of supplements or a 
change in dietary habit32.  
Concerning meat, dietary administration of fish meals or fish oils as a good source of n–
3 fatty acids to different species of animals (pork, lamb, chicken) has been carried out33-
39. The direct addition of fish oil to meat products as a way to increase their n-3 supply 
has scarcely been investigated. Park et al.40 used fish oil at a concentration of 5% in 
pork frankfurter type sausages, obtaining unacceptable products due to their undesirable 
fish flavour. No papers have been found in relation to the incorporation of fish oil as a 
source of n-3 fatty acids to dry fermented sausages.  
The aim of this work was to study the potential nutritional advantages derived from the 
addition of different amounts of fish oil extracts to dry fermented sausages analyzing 
 4
the repercussion over the intensity of oxidation process through COP formation and 
colour evaluation of the products. It has to be stated up that from the economical point 
of view the addition of a fish oil extract rich in n-3 fatty acids would not be viable in 
this type of foodstuffs. Furthermore, the study did not include sensory analysis because 
this type of extracts, even when employed in small amounts could contribute to off 
odours, so flavour and taste of the modified products would be probably affected. 
However, these experiments could be an easy approach to study the potential 
consequences of the fatty acid profile changes in raw matter got through another ways 
as animal production practices.  
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EXPERIMENTAL 
Sausage manufacture. 
Chorizo de Pamplona, a type of traditional Spanish fermented sausage, was 
manufactured following the procedure described by Muguerza et al.11. Three batches of 
fermented sausages, about 5 Kg each, were prepared using 75% pork meat and 25% 
pork backfat. Amounts of 0.53g/100g and 1.07g/100g of a fish oil extract (Omega-3 
"700" SOLGAR VITAMINS LTD, UK)were added to batch A and B, respectively. No 
fish oil extract was added to the control batch.  
Chemical analysis. 
Moisture was determined according to the Association of Official Analytical Chemist 
method (AOAC)41. Total fat was determined by an extraction technique with petroleum 
ether according to AOAC42. Protein was analyzed according to the Kjeldahl method43. 
Factor 6.25 was used for conversion of nitrogen to crude protein. Peroxide value was 
determined using method AOAC44.  
The method of Folch et al.45 was used for the extraction of lipids. Fatty acid 
composition of fish oil extract and dry fermented sausages manufactured were 
determined by gas chromatography. Boron trifluoride/methanol was used for the 
preparation of fatty acid methyl esters46. A Perkin-Elmer Autosystem XL gas 
chromatograph fitted with a capillary column SPTM-2560 (100 m x 0.25 mm x 0.2 μm) 
and flame ionization detection was used. The temperature of both the injection port and 
detector was 220ºC. the oven temperature was programmed to increase from 165 to 
220ºC at a rate of 4ºC/min. The carrier gas was hydrogen, 20. psi. The sample size was 
0.5 μl. The quantification of individual fatty acids was based on heptadecanoic acid 
methyl ester (Sigma, St. Louis, MO, USA) as internal standard. 
Cholesterol content was analyzed by gas chromatography with previous extraction 
according to Kovacs et al.47. A Perkin-Elmer Autosystem gas chromatograph equipped 
with an HP1 column (30 m x 0.25 mm x 0.1 μm) was used. The oven temperature was 
265ºC. The temperature of both the injection port and detector was 285ºC. The sample 
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size was 0.5 μl. Cholesterol was identified by comparing its relative and absolute 
retention times with those of cholestane (sigma) as an internal standar. A Perkin-Elmer 
Turbochrom programme was used for quantification. 
TBA value was determined according to Tarladgis et al.48 with modifications by 
Tarladgis et al.49. 
COP: Extraction of lipids and saponification. Saponification was made according to the 
method of Guardiola et al.50. Approximately 1g of fat was added to a flask containing 
1M KOH in methanol and kept at room temperature during 22 h to complete the cold 
saponification. The unsaponificable material was extracted with diethyl ether. The 
whole organic extract was washed with water and filtered through anhydrous sodium 
sulfate. Then it was recovered in a round-bottom flask, and the solvent was evaporated 
using a rotatory vacuum evaporator at 30ºC. A purification with silica cartridges and a 
derivatization to obtain the trimethyl silyl ethers was performed. Oxysterols content was 
determined by a Hewlett-Packard 6980 GC with 5973 Mass selective Detector. GC-MS 
analyses were performed in HP-5MS column (30m X 250um X 0.25 um). Helium was 
used as the carrier gas (1ml/minute) and the chromatographic conditions were as 
follows: initial column temperature at 80ºC, held for 1 min and programmed to 250ºC at 
a rate of 10ºC/min and final column temperature of 280ºC at a rate of 4ºC/min and held 
for 20 min. The injector temperature was 250ºC and the inlet pressure was 23.2 psig; 
mass range, m/z=50/550 amu; solvent delay is 20 minutes.  
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Instrumental measures. 
For colour measurement, samples were sliced and covered with a polyethylene film, 
with pressure to obtain a uniform, bubble-free surface. A UV/VIS Perkin-Elmer 
Lambda 5 spectrophotometer was used to obtain the reflectance spectra from 400 to 700 
nm using an integrating sphere. Colour coordinates were obtained with the conditions 
established by Ansorena et al.51 (CIE L* a* b* system, angle 10º, illuminant D65). L*, 
a* and b* parameters indicate lightness, redness and yellowness, respectively. Chroma 
and Hue were calculated. Each sample was measured at four locations on the slice 
surface of the dry fermented sausages.  
Statistical analysis. 
Four samples from each batch were analyzed. Each parameter was determined four 
times in each sample. Data shown in the tables are the means, standard deviation and 
coefficient of variation. Analysis of variance (ANOVA) and a Tuckey’s b posteriori test 
were used to determine significant differences (p≤0,05) among the different types of 
sausages. Software used was SPSS version 9.0. (© 1998, SPSS inc. Chicago, Illinois). 
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RESULTS AND DISCUSION 
The composition of the extract employed is shown in table 1. Batch A was 
manufactured adding 5.3g of oil extract by kg of raw mixture and Batch B was 
manufactured with 10.7 g of fish oil extract per kg of raw mixture. Taking into account 
the profile of fish oil extract the added amounts of the extract supplied 0.25g/100g raw 
mixture of eicosapentaenoic acid (EPA) and 0.14g/100g of docosahexaenoic acid 
(DHA) in batch A and 0.51g/100g EPA and 0.29g/100g DHA in batch B.  
The small amount of oil extract added to batches A and B did not increase, as it was 
expected, the fat content of final products. Table 2 shows that no significant differences 
were found between the fat content of control and sample B. In the case of batch A, the 
lower amount of fat compared to the control and sample B is explained by the higher 
moisture content of those products. No differences were appreciated in the protein 
content.  
Fatty acid profiles of the three types of sausages are shown in table 3. The only 
significant differences between modified and control products were observed in the 
percentages of EPA and DHA. The high amounts of those fatty acids in the fish oil 
extract added (table 1) lead to those increments. Batches A samples increased 10.7 folds 
the percentage of EPA and 4.9 folds the percentage of DHA in relation to control 
samples. Batches B samples increased 21.5 folds the percentage of EPA and 9.54 folds 
the percentage of DHA. The amounts of both n-3 fatty acids refered to 100g of dry 
fermented sausage were 0.01g EPA and 0.03g DHA for control products, 0.15g EPA 
and 0.13g DHA for batch A and 0.33g EPA and 0.26g DHA for batch B. The supply of 
n-3 by salmon, which is the richest food in n-3 among the usually consumed species is 
0.89g EPA/100g and 1.12g DHA/100g.  
There are still not enough data to determine RDAs for these important fatty acids. A 
group of scientist have stablished that the adequate intake (AI) for adults was 0.22g/day 
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for both EPA and DHA in a 2000kcal/diet25. Taking into account these values, 50 g of 
modified sausages, which is the average eaten portion of dry fermented sausages52, 
would cover approximately 34% and 30% of the AI for DHA and EPA, respectively in 
the case of batch A, and 75% and 59% of the AI in the case of batch B. So it can be 
considered that modified products could contribute in a significant way to the nowadays 
established dietary intake of EPA and DHA.  
As a consequence of the similar amount in the rest of the fatty acids the sum of SFA, 
MUFA and PUFA scarcely differed between control and modified products. PUFA/SFA 
ratio did neither show big differences among products, being in the three cases around 
0.5-0.6. However, the increase in n-3 fatty acids led to an important decrease in the ratio 
n-6/n-3. Whereas control sausage showed a ratio of 16.14, modified batches fell to 
values of 7.78 and 5.32, closer to the considered optimum.  
Some studies suggest that the n-6/n-3 ratio may not be as important as the absolute 
amount of n-3 or n-6 fatty acids in the diet because both fatty acids can influence the 
atherosclerotic process through multiple biological mechanisms, being the prostanoid 
pathway only one of them1. In modified products, the absolute amounts of n-3 were 
much higher (1.12g/100g of total fatty acid in control, 2.03g/100g of total fatty acid in 
batch A and 3.21g/100g of total fatty acid in batch B) and the n-6/n-3 were much lower.  
The sum of trans fatty acids ranged between 1.07 and 1.22g/100g of total fatty acid 
without showed higher values. None of them showed significant differences among the 
different products.  
The potential enhancement of the oxidation process as a consequence of the addition of 
the fish oil extract was analyzed through the parameters shown in table 4. None of the 
three analysed batches showed detectable peroxides content. In relation to TBA, 
different values were found depending on the percentage of fish oil extract added. TBA 
values for the control samples and samples with the lowest fish oil content (A) were 
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0.31ppm and 0.34ppm, respectively. These values were lower than 0.5ppm, considered 
as the threshold value for the appearance of rancidity off flavors in fresh pork53-54. 
However, the batch with the highest content of fish oil (B) showed 4 folds higher values 
of TBA (1.22ppm). With regard to TBA values and sensory evaluation, a great 
variability of results have been found in the literature for PUFA’s enriched meat and 
meat products. Leskanich et al.34 analyzing organoleptic acceptability of fresh sausages 
manufactured with meat of pigs fed with diets 1% fish oil (giving products containing 
around 0.50-0.52 g/100 fat of EPA and DHA) found that it was not different from 
control products, although TBARS were slightly higher. In pork meat of pigs fed with 
linseed enriched diets, levels of EPA and DHA in muscle were 0.7g/100g and 
0.4g/100g, respectively, without showing oxidation problems55. In cooked lamb meat 
with increased levels of long chain n-3 fatty acids by means of feeding with a 1.5 % fish 
oil diet no rancid taste or unpleasant sensory notes were detected37. Frankfurter type 
sausages manufactured with meat from animals fed with a diet rich in PUFA and fish oil 
(0.4%) resulted in products with undesirable sensory notes due to rancidity, with a TBA 
value of 1.936.  
Actually one of the main problems related to lipid oxidation in foods is the formation of 
COP. Li et al.56 showed that the formation of COP was accelerated by the PUFA 
content present in lipids. Despite the higher oxidation process detected in batch B, no 
statistical differences were observed among the results for the content of COP (table 4). 
The most abundant COP in all samples was β-epoxycholesterol, followed by 
cholestanetriol, found as one of the most cytotoxic. 7-Ketocholesterol, considered to be 
a good indicator of oxidation57-58 and α-epoxycholesterol were not present in any 
sample. 
Total COP ranged from 2.36μg/g fat in the control products to 2.43μg/g fat for batch B. 
Taking into account the cholesterol content of the samples the percentage of oxidation 
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ranged from 0.08 to 0.09 without significant differences between them. These values 
were in agreement with those found by Zanardi et al.59 for salami Milano, also another 
type of dry fermented sausage, in which the percentage of cholesterol oxidation ranged 
from 0.04 to 0.12. This product showed a very large range of total COP amount (1.42-
16.59 ppm)60. In dry-cured ham with 12-14 months of aging total COP ranged from 2.8 
to 5.8 ppm 61. Comparing this amounts with those found in other type of foods as 
cooked turkey, and cooked beef62 in which total COP can reach values of 93.1 and 32.7, 
respectively, it can be affirmed that the formation of COP in the control and modified 
sausages were low. 
Table 5 shows the results of colour parameters for every analyzed product. Values 
obtained for L* ranged between 50.21-45.98, all of them within the normal range for 
this type of sausages (46.87-54.29)63. Values for Hue (arctg b*/a*) were comprised 
between 36.97 and 38.54. This results were comparable with those obtained by Ghiretti 
et al.64 to Mortadella in which Hue values were comprised between 35.03 to 38.76. 
Zanardi et al.65 found a correlation of 0.890 (p<0.05) between brown scores and 
TBAR’s, in our case no correlations were found between TBA and any of the colour 
parameters. 
CONCLUSION 
An increment of the nutritional and functional value of dry fermented sausages was 
achieved through the addition of a fish oil extract rich in n-3 fatty acids. This addition to 
dry fermented sausages decreased significantly the n-6/n-3 ratio leading to closer values 
to the considered optimum. However, samples with the highest oil extract addition 
showed a great increase of TBA values indicating that oxidation process could be a 
problem during their shelf life. This consideration should be have into account when 
trying to increase n-3 fatty acids in raw meat production for the industry manufacturing. 
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Table 1. Fatty acid profile of fish oil extract employed (g/100g of total fatty acid) 
SFA MUFA PUFA 
C14:0 Myristic 0.55 (0.03; 4.82) C16:1 Palmitoleic 3.33 (0.13; 3.80) C18:2 Linoleic 1.33 (0.06; 4.41) 
C16:0 Palmitic 2.15 (0.07; 3.37) C18:1 Oleic 8.59 (0.28; 3.21) C18:3 α-Linolenic 0.83 (0.09; 10.49) 
C18:0 Stearic 0.81 (0.04; 4.53) C20:4 Araquidonic 2.13 (0.06; 2.68) 
 C20:5 EPA 49.07 (0.40; 0.82) 
C22:6 DHA 28.03 (0.71; 2.52) 
TOTAL......................3.51 TOTAL.............................11.92 TOTAL...................……...81.39 
Values between parenthesis are (standard deviation, SD; coefficient of variation CV).   
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Table 2. Results for moisture, fat an protein of the different products: Control 
(traditional formulation); A and B (products manufactured with the fish oil extract).  
Control  A B 
Moisture (%) 29.77a 
(0.44; 1.48) 
32.75b 30.03a 
(0.39; 1.19) (0.13; 0.43) 
Fat (%) 32.73
b 
(0.89; 2.72) 
29.22a 33.35b 
(0.62; 2.12) (1.04; 3.12) 
Protein (%) 26.48
a 
(0.86; 3.25) 
26.18a 26.64a 
(1.12; 4.28) (0.74; 2.78) 
Values in the same row bearing different letters are significantly different (p≤ 0.05). Values between 
parenthesis are (standard deviation, SD; coefficient of variation CV). 
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Table 3. Fatty acid content (g per 100g of total fatty acid) in dry fermented sausages 
manufactured with traditional formulation (Control) and with the fish oil extract (A and B) 
 Control A B 
Lauric 12:0 0.14
a 
(0.00; 3.24) 
0.14a 0.14a 
(0.01; 6.02) (0.01; 5.40) 
Myristic 14:0 1.34
a 
(0.03; 1.89) 
1.36a 1.31a 
(0.04; 3.22) (0.06; 4.31) 
Palmitic 16:0 21.94
a
(0.16; 0.75) 
22.17a 21.27a
(0.74; 3.35) (0.39; 1.84) 
Stearic 18:0 11.37
a 
(0.05; 0.46) 
11.26a 11.29a 
(0.40; 3.56) (0.07; 0.58) 
Arachidic 20:0 0.27
a 
(0.01; 4.52) 
0.26a 0.30a
(0.02; 8.24) (0.04; 13.82) 
Behenic 22:0 0.36
a 
(0.02; 5.01) 
0.29a 0.40a
(0.10 32.95) (0.06; 15.88) 
35.42 35.48 34.71 Σ SFA 
Palmitoleic 16:1 2.28
a 
(0.01; 0.32) 
2.39a 2.21a 
(0.11; 4.60) (0.08; 3.62) 
Oleic 18:1 41.81
a 
(0.20; 0.48) 
42.77a 41.26a
(1.68; 3.93) (0.27; 0.64) 
Erucic 22:1 0.23
a 
(0.00; 0.29) 
0.33a 0.31a 
(0.15; 45.20) (0.01; 3.41) 
44.32 45.49 43.78 Σ MUFA 
Linoleic 18:2 n-6 17.94
a
(0.13; 0.73) 
15.65a 16.93a
(3.15; 20.12) (0.10; 0.59) 
α-Linolenic 18:3 n-3 0.95
a 
(0.07; 7.37) 
0.85a 0.87a
(0.03; 4.08) (0.01; 0.90) 
Arachidonic 20:4 n-6 0.14
a 
(0.00; 0.71) 
0.14a 0.16a 
(0.04; 31.26) (0.01; 4.74) 
EPA 20:5 n-3 0.06
a 
(0.01; 10.24) 
0.64b 1.29c 
(0.03; 5.36) (0.05; 4.25) 
DHA 22:6 n-3 0.11
a 
(0.01; 7.83) 
0.54b 1.05c 
(0.03; 4.82) (0.03; 2.58) 
1.12 2.03 3.21 Σ n-3 
18.08 15.79 17.09 Σ n-6 
19.20 17.82 20.30 Σ PUFA 
PUFA/SFA 0.54 0.50 0.58 
n-6 / n-3 16.14 7.78 5.32 
Palmitelaidic trans 16:1 0.43
a
(0.00; 0.70) 
0.47a 0.44a
(0.03; 6.38) (0.01; 1.24) 
Elaidic trans 18:1 0.23
a
(0.03; 12.18) 
0.23a 0.17a 
(0.07; 31.92) (0.03; 17.98) 
Linolelaidic trans 18:2 0.12
a 
(0.01 11.52) 
0.16a 0.15a 
(0.01; 6.86) (0.03; 22.35) 
Brassidic trans 22:1 0.29
a 
(0.08; 27.45) 
0.36a 0.45a 
(0.13; 36.21) (0.02; 5.18) 
Σ Trans 1.07 1.22 1.21 
SFA: saturated fatty acid; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acid. EPA: 
Eicosapentaenoic; DHA: Docosahexaenoic. Values in the same row bearing different letters are significantly 
different (p≤ 0.05).Values in the parenthesis are (standard deviation, SD; coefficient of variation CV). 
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Table 4. Cholesterol (mg/100g product), Cholesterol Oxides Products (COP) (μg/g fat) 
and oxidation parameters of the different products: Control (traditional formulation); 
A and B (manufactured with the fish oil extract) 
 Control A B 
Peroxide index (meq O /Kg fat) n.d n.d n.d 2
TBA value (ppm) 0.31
a 
(0.01; 3.22) 
0.34a 1.22b 
(0.01; 2.94) (0.02; 1.64) 
7α-Hydroxycholesterol 0.01
a 
(0.008; 8.36) 
0.03a 0.02a 
(0.002; 9.71) (0.002; 12.08) 
7β-Hydroxycholesterol 0.24
a 
 (0.02; 6.90) 
0.25a 0.26a 
 (0.02; 9.93)  (0.03; 13.34) 
β-Epoxycholesterol 1.38
a 
(0.12; 8.46) 
1.38a 1.44a 
(0.09; 6.63) (0.20; 14.01) 
0ª 0ª 0ª α-Epoxycholesterol 
Cholestanetriol 0.58
a 
(0.007; 1.15) 
0.57a 0.57a 
(0.001; 0.24) (0.01; 2.27) 
25-Hydroxycholesterol 0.15
a 
(0.003; 1.93) 
0.14a 0.14a
(0.004; 3.01) (0.01; 8.33) 
a a a7-Ketocholesterol 0 0 0
Total COP 2.36 2.37 2.43 
Cholesterol  94.56
a 
(9.22; 9.75) 
90.59a 91.38a 
(2.13; 2.35) (3.78; 4.14) 
% Oxidation 0.08 0.09 0.08 
Values in the same row bearing different letters are significantly different (p≤ 0.05). Values in the 
parenthesis are (standard deviation, SD; coefficient of variation CV) n.d.: non detected 
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Table 5. Mean values for colour (CIE L*a*b* system) measures in dry fermented 
sausages manufactured with traditional formulation (Control) and with the fish oil 
extract (A and B) 
 
Control A B 
L∗ 46.07
a 
(2.77; 6.02) 
50.21b 45.98a 
(1.00; 1.98) (1.69; 3.67) 
a∗ 14.62
b 
(1.09; 7.43) 
10.19a 12.50ab 
(1.15; 11.32) (1.04; 8.32) 
b∗ 11.65
c 
(1.84; 13.97) 
7.67a 9.93b 
(0.47; 6.16) (1.02; 10.3) 
Chroma 18.69 12.75 15.96 
Hue 38.54 36.97 38.46 
Values in the same row bearing different letters are significantly different (p≤ 0.05). Values in the 
parenthesis are (standard deviation, SD; coefficient of variation CV). 
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